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‘ Preface

This document provides an introduction to the Department of Energy (DOE) Smart Grid programs, a
description of the DOE smart grid cost benefit analysis methodology, an overview of the Smart Grid
Computational Tool (SGCT) architecture, and step-by-step instructions for using the SGCT. The
appendix provides further detail about the methodology, calculations, and assumptions used in the
SGCT.

Disclaimer

The work presented in this SGCT and user guide represents the best efforts and judgments based on the
information available at the time that these materials were prepared by Navigant Consulting, Inc
(Navigant). Navigant is not responsible for the reader’s use of or reliance upon the report, or any
decisions based on the results of the SGCT. Navigant does not make any representations or warranties,
expressed or implied. Users of this tool are advised that they assume all liabilities incurred by them, or
third parties, as a result of their reliance on the tool, or the data, information, findings and opinions
contained in the tool. This tool is not meant to be used as a budgeting or planning tool and is for
educational purposes only. It in no way is meant to supplant discussion between planning engineers and
vendors, professionals and experts.
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‘ 1.0 Introduction

The U.S. Department of Energy (DOE) Office of Electricity Delivery and Energy Reliability (OE) is
charged with leading national efforts to modernize the electric grid, enhance energy infrastructure
reliability and security, and facilitate recovery from disruptions in electric power supply. In carrying out
this mission the OE, along with utilities and other entities, are investing funds to demonstrate and
deploy smart grid technologies and infrastructure through the American Recovery and Reinvestment
Act (ARRA) Smart Grid Investment Grant (SGIG) program and Smart Grid Demonstration (SGD)
program. The intent of these programs is to collect sufficient real-world field data to verify the costs,
performance, and benefits of smart grid technologies and systems operating on the electric grid.

OE created a Smart Grid Cost-Benefit Analysis (CBA) team to develop a standard methodology for
evaluating the performance, benefits, and costs of all smart grid field projects. To develop this approach,
the CBA team defined a standardized set of smart grid assets, functions, and benefits as well as
guidelines for providing data to OE so it can calculate associated benefits. This approach allows the cost
and benefits of all smart grid projects to be evaluated consistently, including projects from the SGIG and
SGD programs.

The functionality that smart grid assets and systems enable can be translated into monetary value based
on the benefits they provide. In order to facilitate such evaluation, Navigant Consulting, Inc. (Navigant)
developed the Smart Grid Computational Tool (SGCT) based on the approach developed by the CBA
team. This document provides comprehensive instructions for using the SGCT and explains the
evaluation methodology.

The SGCT is an Excel-based model that allows the user to identify the functions to be demonstrated by a
smart grid project and to calculate the costs and benefits in order to estimate the project’s overall value.
The tool can be used to analyze real-world data or hypothetical scenarios.

The SGCT is designed to be used by a number of different stakeholders, including:

»  The DOE program managers, staff and contractors

»  DOE SGIG and SGD program Recipients

»  Other interested groups (e.g. electric utilities, industry groups, advocacy groups, researchers,
regulators, the interested public).

DOE Program Managers, staff, and contractors can use the SGCT to calculate and track the costs and
benefits of the smart grid technologies deployed by DOE through the SGIG and SGD programs. By
aggregating the analyses from all of the various projects, DOE will be able to consider broader impacts of
smart grid technologies for the nation, specifically on the following areas:

»  Reducing Peak Demand - The extent to which smart grid technology influences peak
demand reduction through the application of smart devices, the change in consumer
behavior, and enabling greater use of renewable and distributed resources;

»  Improving Asset Utilization and Operational Efficiency - The extent to which centralized
and distributed generation, transmission, and distribution assets are better utilized through
demand-side management, system optimization, and improved system visualization and
awareness resulting in deferral of infrastructure investments;
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»  Enabling Distributed Energy Resources and Renewable Energy - The extent to which
additional penetration or additional features of distributed energy resources and renewable
energy are implemented due to the automation, control, and sensing abilities of the smart
grid;

»  Reducing Greenhouse Gas Emissions - The extent to which a smart grid might lead to
reduced emissions of environmental pollutants and reliance on foreign-supplied fuels;

»  Improving Reliability and Power Quality- The extent to which reliability is improved
through the application of smarter sensing, communications, control devices, and integrated
grid management systems.

Furthermore, DOE can use the SGCT to analyze SGIG and SGD project data to determine the
incremental benefits of the programs. These analyses will help the DOE understand the impact of its
investments on the growth and implementation of the smart grid, thereby helping the DOE refine its
strategy with respect to encouraging investment in future smart grid technologies.

Other stakeholders can use the SGCT to compare project benefits and costs and to gain a clearer
understanding of the value of smart grid technology. The SGCT can be used to analyze costs and
benefits under different scenarios and assumptions, which can further define the risks and potential of a
particular project. Insights provided by the SGCT can be used to justify future smart grid investment.
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‘ 2.0 Analytical Framework

2.1 Determining Smart Grid Benefits

The SGCT characterizes smart grid projects by identifying the technology (assets) that will be installed
and identifying what that technology will do (functions and mechanisms). Based on this
characterization, the SGCT identifies the economic, reliability, environmental, and security benefits the
smart grid project will yield. Understanding this methodology in depth will help the user utilize the tool
more effectively as well as appreciate the analytical rigor of the tool. Figure 1 depicts the overall
methodology that the tool employs to determine the monetary value of implementing smart grid
technology.

Figure 1. Translation of Smart Grid Assets to Monetary Value

Wiy s that eood?  What is it teorth?

do that? <

Swart Grid do?

Example
Distribution Avutomatic Improves feeder Reduces feeder S0, 000
Automation voltage and VAR voltage losses by 1,000

The first step in identifying a project’s benefits and associated monetary value is to identify the assets
(smart grid technologies) to be deployed. These assets produce a list of possible functions. Functions
describe what the smart grid does. Next, each function selected produces a unique list of possible
mechanisms, from which the relevant items must again be selected. Mechanisms describe the specific
ways the smart grid exercises each function. The final list of functions and associated mechanisms is
mapped to a list of achievable smart grid benefits. Finally, if project data are available, the monetary
value of each realized benefit can be calculated. Monetary value of project benefits can be aggregated or
used directly in a cost-benefit analysis. The value of the benefits can be attributed to ratepayers, utilities,
society, or a combination of these parties depending on the nature of the benefit. However, the SGCT
does not ascribe benefits to particular constituencies but instead aggregates all benefits.

The final list of smart grid project benefits is derived from known relationships among project assets,
functions, mechanisms and benefits. As depicted by Figure 2, these are typically complex relationships
that can involve multiple assets mapping to multiple functions, mechanisms, and benefits. Therefore,
exploring each portion of this overall relational web separately is appropriate in order to obtain a better
overall understanding of the methodology as a whole.



ENERGY

U.S. DEPARTMENT OF ‘

Office of Electricity Delivery
and Energy Reliability

Figure 2. Illustration of Asset, Function, Mechanism, Benefit mapping

Function A Mechanism A Benefit #1
\

Asset B Function B Mechanism B ‘ Benefit #2

Asset C

Function C 4 Mechanism C Benefit #3

Function D Mechanism D [ Benefit #4

2.2 Relationships of Assets to Functions

The first step is to identify the smart grid assets that a project will implement. Smart grid assets can be

used together to support different types of functions which result in smart grid benefits. These assets can
be grouped based on their location on the grid and could include:

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

»

Advanced Interrupting Switch
Advanced Metering Infrastructure (AMI)/Smart Meter
Controllable/regulating Inverter
Customer EMS/Display/Portal
Distribution Automation

Distribution Management System
Enhanced Fault Detection Technology
Equipment Health Sensor

FACTS Device

Fault Current Limiter

Loading Monitor

Microgrid Controller

Phase Angle Regulating Transformer
Phasor Measurement Technology
Smart Appliances and Equipment (Customer)

Software — Advanced Analysis/Visualization

Two-way communications (high bandwidth)

Vehicle to Grid Charging Station

Very Low Impedance (High Temperature Superconducting ) Cables
Distributed Generator (diesel, PV, wind)

Electricity Storage device (e.g., battery, flywheel, PEV etc)

Each item on the list above more or less represents an asset category in which a host of smart grid
technologies could be included. Table A-1in Appendix A: Asset, Function, and Benefit, provides a more
detailed description of each asset.

These assets can be implemented to modernize the delivery and use of electricity by enabling fifteen

functions listed below.
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Fault Current Limiting

Wide Area Monitoring and Visualization and Control
Dynamic Capability Rating

Power Flow Control

Adaptive Protection

Automated Feeder and Line Switching

Automated Islanding and Reconnection
Automated Voltage and VAR Control

Diagnosis and Notification of Equipment Condition
Enhanced Fault Protection

Real-time Load Measurement and Management
Real-time Load Transfer

Customer Electricity Use Optimization

Storing Electricity for Later Use

Distributed Production of Electricity

These functions describe in broad terms the different ways in which smart grid technology can be used
to improve the reliability, efficiency, operation, and security of the electrical grid. Table A-2 in Appendix
A: Asset, Function, and Benefit, provides a more detailed description of each function. Depending on
which smart grid assets are being installed, one or more of the functions is possible. The relationship
between smart grid assets installed and possible functions is illustrated in Table 1.

10
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Because each function describes a broad range of related capabilities that a smart grid asset or
combination of assets can enable, the exact way in which a function will be expressed must be
understood before the resulting benefits can be specified. Therefore, each function has a unique set of
possible mechanisms associated with it. These mechanisms are very descriptive in nature and their
purpose is to further specify how a function will be utilized in a given project. For example the
Automated Feeder and Line Switching function can be utilized to:

»  Reduce truck rolls

»  Reduce fault location isolation service restoration (FLISR) time
»  Reduces manual labor hours associated with line switching

»  Reduces manual labor hours associated with restoration

Each of the bullet points above is a mechanism of the Automated Feeder and Line Switching function.
However, a project with this functionality might not use all the mechanisms described above. Instead,
only a subset may be expressed. For example, consider a project implementing computer-generated
remote switching schemes that will automatically restore power after an outage. This project will reduce
FLISR time but if the utility used remote operated switches controlled by a human operator previous to
this project then the reduced truck rolls mechanism will not be expressed. Depending on which
mechanisms are applicable, the Automated Feeder and Line Switching function will lead to different
benefits. So, in the strictest sense, it is the function-mechanism pairing that determines the benefits of a
project.

The complete list of mechanisms applicable to all the various functions is too large and varied to list in
this guide. Because the mechanisms are meant to be descriptive and self explanatory, a full listing of them
here would provide little value. To avoid the unnecessary complication of discussing how function-
mechanism pairs map to benefits, this guide will refer to functions with the understanding that all
possible mechanisms associated with that function are expressed. This assumption allows the
relationship between functions and benefits to be explained in a much clearer and concise way, since
functions can be related directly to full range of benefits they could enable.

2.3 Relationships of Functions to Benefits

As assets are mapped to functions, functions are mapped to benefits. Benefits are categorized as
Economic, Reliability, Environmental, or Security. As shown in Table 2, these four benefit categories
comprise 10 subcategories and 22 individual smart grid benefits. The descriptions of these benefits can be
found in Table A-3 in Appendix A: Asset, Function, and Benefit . The relationship between smart grid
functions and the expected benefits is illustrated in Table 3. The rationale for the association of benefits
with each function is described in Appendix B: Function to Benefit Rationale.

A2
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Table 2. List of Smart Grid Benefits

Benefit
Sub-category

Benefit

Optimized Generator Operation
Improved Asset Deferred Generation Capacity Investments
Utilization Reduced Ancillary Service Cost
Reduced Congestion Cost
Deferred Transmission Capacity Investments
T&D Capital Savings Deferred Distribution Capacity Investments
Economic Reduced Equipment Failures
Reduced T&D Equipment Maintenance Cost
T&D O&M Savings Reduced T&D Operations Cost
Reduced Meter Reading Cost
Theft Reduction Reduced Electricity Theft
Energy Efficiency Reduced Electricity Losses
Electricity Cost Savings | Reduced Electricity Cost
Reduced Sustained Outages
Power Interruptions Reduced Major Outages
Reliability Reduced Restoration Cost
. Reduced Momentary Outages
Power Quality Reduced Sags and Swells
Environmental Air Emissions Reduced CO: Emissions
Reduced SOx, NOx, and PM-2.5 Emissions
. . Reduced Oil Usage
Security Energy Security Reduced Wide-scgale Blackouts

A3
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2.4 Benefit Calculations

The last step in quantifying a project’s total benefit is to apply calculations which monetize grid impacts
that are measured using various metrics. All data that the SGCT uses to calculate benefits must be
collected and entered into the tool by the user.

In order to calculate benefits, the SGCT utilizes two different types of data: baseline data and project
data. Baseline data are intended to reflect what the state of the grid would have been during the project
period assuming a “no build” scenario (i.e., if the project or equipment under analysis had not been
implemented). Project data reflect the actual state of the grid as the smart grid technology is
implemented. All benefit assessments rely on the calculated difference between baseline and project data
at a given point in time.

The baseline scenario must be defined by the user. If the baseline is defined as above (i.e. assuming a “no
build” scenario), the tool calculates the absolute benefit of the smart grid technology itself. In the DOE
analysis, the baseline will be defined as the state of the grid had SGIG and SGD funds not been awarded.
In this case, the calculated benefit will be the impact of the DOE program itself rather than the absolute
impact of the smart grid technology. The SGCT is an extremely flexible and dynamic tool; the user has
the ability to alter what the output will mean depending on how the baseline dataset is defined. For
detailed explanations of each individual benefit calculation methodology, the reader should refer to
Appendix C: Benefit and Cost Calculations. For detailed explanation of the baseline data concept, the
reader should refer to Appendix D.1 The Baseline Concept.

To calculate benefits, SGCT users must have a five-year projection of baseline data and between one and
five years of project data' for each required input. The inputs that the user must enter are determined
and presented to the user automatically by the tool according to what benefits the project is expected to
yield? Inputs may be in the form of raw data (such as hourly load data) or in analyzed form (such as line
losses). For a detailed explanation of each input, the reader should refer to Appendix D.2 Inputs.

Although at most five years of project data can be entered into the SGCT, the tool can calculate benefits
out to the year 2040.3 This is accomplished primarily by applying escalation factors such as inflation,
energy price growth, load growth, and population growth to inputs. The tool contains default escalation
factors. All factors can be reviewed and changed by the user at runtime.

The final aspect of benefit calculations is the optional sensitivity analysis. In the sensitivity analysis, the
user sets a high and low range for each input parameter. The ranges are represented as a percentage of
the primary parameter value (e.g., the high range may be set to 110% of the primary value and the low
range may be set to 95% of the primary value). The benefit calculations are then performed using the
high and low range of all inputs. Controlling the sensitivity range for each input allows the user to create
customized scenarios that explore uncertainty (i.e., environmental regulation, market conditions, load
growth, etc.).

1 All SGCT inputs are consistent with the metrics that the DOE has requested from SGIG and SGD Recipients
2 The benefits the project is expected to yield are determined by the tool based on user inputs.
3 The user can choose to have the calculation of benefits end prior to this year but they cannot extend the analysis

beyond this year.
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The SGCT expresses cost estimates in terms of net present value (NPV). NPV is calculated from the
project start date out to 2040. The user enters total project capital costs, along with the depreciation rate
and interest rate into the tool. The tool then amortizes the costs over a user-specified period to determine
a cost schedule. The user can also enter a customized cost schedule directly into the tool. The present
value of the project cost is subtracted from the present value of the total benefits to determine a project’s
NPV.

Given the number of variations in accounting approaches and tax structures, it is
difficult to develop a detailed and consistent cost modeling approach for all
demonstrations and deployments. Therefore, the cost analysis is limited to this simple
approach. However, it allows users to compare a high level approximation of a
project’s cost with the benefits that the project will yield. This high level comparison
provides a context for interpreting the overall benefits and value of a project. For a
detailed explanation of how costs are amortized and discounted over time, the reader
should refer to Appendix

C.23 Cost Calculations.
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‘ 3.0 Architecture and Design

3.1 Design Principles

The SGCT is designed to be user-friendly, easy to understand, and flexible enough to enable the
calculation of costs and benefits across a wide range of projects. The tool is intended for users with a
basic understanding of smart grid technologies and terms. The assumptions and calculation
methodologies are documented in Appendix C: Benefit and Cost Calculations. Because the smart grid is
expected to grow in size and complexity, the tool is designed to be scalable so that it can evolve to meet
the needs of the future. Future versions of the tool may include analytical framework updates to
incorporate other smart grid systems, functions, or benefits.

3.2 Architecture

Figure 3 illustrates the overall architecture of the SGCT. Although the tool is contained in a single
Excel™ file, it has three distinct phases. Phase I is the Project Characterization Module (PCM), Phase Il is
the Data Input Module (DIM), and Phase III is the Computational Module (CM).

Figure 3. SGCT Architecture
Phase III

Project Characterization
Module (PCM) : Helps user
determine the functionality

of the project. Determines
benefits the project will yield.

Project Assets,
Functions, and
Mechanisms

Project Computational Module
input data| (CM): Calculates project
| costs and benefits; allows

for project sensitivity
Project benefits analysis.

l

Data Input Module (DIM) :
Facilitates data input
required to calculate project Sensitivity ranges
benefits. |

Project input data

Sensitivity Analysis Input
Interface (Optional): Allows
user to set the sensitivity
range for specific variables.

Sensitivity
ranges

Key
:> =User Input I:l = Input interface
—> =Data flow - = Calculation engine

3.2.1 Project Characterization Module (PCM)

The Project Characterization Module identifies the benefits that the smart grid project could create,
based on user-selected smart grid assets, functions, and mechanisms.

First, the user identifies the assets and technologies that will be installed as a result of the project. The
PCM maps these assets to the functions they could potentially support. The user is then presented with a
sub-set of possible functions and is prompted to specify which functionalities will be pursued by the
project.
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Next, the user is prompted to specify how each function will be achieved by specifying various

mechanisms that will be realized for each function. A list of potential benefits is then presented to the
user.

Finally, the PCM displays the function-benefit map for user verification before advancing to the next
phase of the tool, the Data Input Module.

3.2.2 Data Input Module (DIM)

The Data Input Module facilitates the entry of required inputs. The required inputs are determined by
the benefits identified by the PCM. That is, out of the dozens of inputs that are required to calculate all of
the various smart grid benefits, the DIM prompts the user to enter only those inputs that are relevant to
the benefits that a specific project enables.

For each required parameter, the user enters baseline data and annual project data for years in which the
project is constructed and operational. While the model relies on project data as the primary source of
inputs, certain inputs have built-in default values that a user can select if project-specific information is
not readily available. These default values are based on published sources such as:

» EIA (Annual Energy Outlook 2009, Form 861, Form 411, etc.)

»  Global Energy Decisions, Energy Velocity (FERC Form 714, etc.)
»  SNL (FERC Form 1, etc.)

»  Public filings, rate cases (PUC, FERC, ISO, etc.)]

At multiple points in the DIM, user inputs are checked for errors and completeness. If any errors or
omissions in data entry are detected, a message will request the user to enter the correct values. The DIM
will not allow the user to proceed to the next phase of the tool until all required data are entered
correctly. Once all required data are entered, they are fed to the Computational Module (CM).
Summaries of the final input data are presented to the user and the CM main interface is loaded.

3.2.3 Computational Module (CM)

The Computational Module is the calculation engine of the SGCT. The primary purpose of the CM is to
transform the inputs from the DIM into the costs and benefits of the smart grid project being analyzed.
The CM calculates costs and benefits on a yearly basis and presents summaries of these results to the
user in tabular and graphical formats.

The CM uses escalation factors to project input values out to thirty years beyond the initial year of
analysis. Depending on the inputs, different techniques and escalation factors are used to create
forecasts. In general, escalation factors vary by region. Escalation factors include population growth,
load growth, inflation, and energy price forecasts. In some cases, the default escalation factor is zero for
years beyond the last year entered. All escalation factors can be reviewed and changed by the user at run
time. For a detailed explanation of the forecasting methods used for each parameter in the SGCT, please
see Appendix D.3 Input Escalation.

The CM includes a sensitivity analysis module. The user can set low and high sensitivity values to

explore how benefits and costs of the smart grid project will be impacted by the uncertainty of input
parameters. The results of the sensitivity analysis are presented in tabular and graphical formats.
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‘ 4.0 Step-by-Step Instructions

4.1 Getting Started

The Smart Grid Computational Tool performs best when used with Excel™ 2007, but may also be used
with Excel™ 2003. No additional programs or add-ins are required. In order to begin, go to the website
www.smartgrid.gov. Download the Excel™ file named “US DOE Smart Grid Computational Tool DOE
Version 2.0.xIsm” to your computer and open the file.

Please ensure that your Excel™ settings allow for macros to run or the tool will not work properly. The
tool has been carefully designed and password protected in order to ensure the fidelity of the macros.

Once the file is downloaded, it can be used as the template for all future analyses. To start a new
analysis, open the downloaded version and save the file as a new, uniquely named version on your
computer. This will save time otherwise spent downloading the SGCT file from www.smartgrid.gov.

When you open the SGCT, you will see the “Start” tab, pictured in Figure 4. The Start tab provides a
brief introduction to the SGCT, explains the purpose and output of the tool, and reviews the general
architecture and methodology of the tool. This tab also includes contact information for submitting
questions or comments on the tool. The most prominent feature of this tab is the blue “Click here”
button. Clicking this button will initiate a new analysis by launching the PCM.
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Figure 4. The SGCT “Start” tab

.5, Department of Energy Smart Grid Computational Tool [SGCT)

Purpose of Tool: SGCT can be used to calculate the benefits of smart grid projects, compare costs and benefits,
and gain a clearer understanding of the value of smart grid technology and systems interms of monetary benefit.
Furthermare, the SGCT can be uzed to analyze how the costs and benefits vary given different scenarios and
assumptions. Finally, the analysis and insight provided by the SIGCT can be leveraged to inform future smart grid
inwestment.

Ezplanation of Output: The output of the SGCT consists of charts, graphs and tables that summarize 22 distinet
benefits of smeart grid technology deployment. The benefits are monetized and calzulated from actual or estimated
metrics collected in the first Five years of a project lifetime. Based on the First five years of data benefits can be projected
ouk ko 2040, The output alsa includes charts, graphs and tables that summearize the results of a sensitivity analysis. The
user is able to =et a high and low sensitivity range for each input in the tool and the output shows how the benefits are

| affected by variability of the inputs.

Directions: This tool was created to be extremely user-friendly and ea=y to navigate. However, it may be useful to
rewjew the owerall methodalogy of the tool before beginning a new analysis. Below is a diagram of the tool architecture
that summarizes the analysis methodalagy. The tool is divided into three distinet phases: the Initial Project Setup Module
[IF5P), the Project Data Input Maodule [(FOIM], and the BMaster Compatational Tool [MCT). The first phase, or [PSM,
collects information about the project such as the types of as=sets being installed, the functionality of those as=ets, and
bz the Functionality will be used [the mechanisms]. From this input the IPSM determines the list benefits that the project
could yield. These patential project benefits are then fed into the second phase of the tool, the POIM. The POIRM uses
the list of benefits to determine the inputs required ba calculate the benefits, The POIM then helps navigate the user
thraugh the process of entering the required data. [k main purpase is bo ensure that all the required data iz entered in the
proper Format o that the benefits can be analyzed successtully. The input data is then Fed inta the final phase, the MCT,
The MCT is the caleulation engine of the toal, it crunches the numbers and generates the output. The MCT also allows
the user ko complete a sensitivity analysis if desired.

Using the tool is as easy as clicking the big blue button below ta begin and then Fallowing the directions that appear in
each phase of the towl. The user can refer to the official User Guide for the LS. Department of Energy Smart Grid
Camputational Toal for detailed directions and information abaout the caleulation methodologies and assumptions used
in the tool,
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4.2 Creating a New Analysis

4.2.1 Project Characterization Module (PCM)

The first PCM screen, depicted in Figure 5, provides a brief overview of the PCM phase of the SGCT.
Reading this screen will greatly enhance the user’s understanding of the PCM steps to follow and is
strongly recommended. Click “Next” to advance.

Figure 5. PCM Introduction Screen
zl

‘Welcome to the PCM, This phase of the ool will collect information about the smart grid project such as the bypes of assets being
installed, the Functionality of those assets, and how the Functionality will be used ({the mechanisms), From this input the PCM will
determine the list benefits that the project could yield, This benefit list is used in the next phase of the module to determine which data
inputs are required For the analysis,

The first step in the PCM is to choose the ASSETS that will be installed. The Assets are actually broad asset categories that a number of
smart grid devices could Fall into, The Assets chosen determine the list of FUNCTIONS that can be chosen,

The next step is to choose the FUMCTIONS that the project will enable From the list of potential Functions, Functions describe the broad
capabilities of the smart grid project.

The final step is to choose the MECHARISMS that the project will enable. Mechanisms are specific to each function chosen and describe in
greater detail how the functionality of the smart grid project will be used,

The Functions and Mechanisms chosen map to the list of benefits and determine the final list of potential benefits that the project could
wield. This list of benefits is then Fed to the next phase of the tool ko determine the inputs required.

Project Characterization
Project Assets, Module (PCM) : Helps user
Functions, and determine the functionality
Mechinisiis of the project. Determines
benefits the project will yield.

Project benefits

Key
I:> =User Input I:l = Input interface

—> =Data flow

Mext |

The second PCM screen, depicted in Figure 6 collects general information about the smart grid project.

Figure 6. PCM Project Information Screen
x

| Please input praject information below. |

Organization Name I

Project Name I

Project Start Year I

MERC Region I | j

Previous | Exit | Mexk |
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The four user inputs on this screen are:

»

»

»

»

Organization Name — Enter the name of the utility or organization that will be implementing
the smart grid project.

Project Name — Enter the unique smart grid project unique name, if any.

Project Start Year — Enter the first year that the smart grid project began to operate. This year
will be the first year that cost and benefits are calculated. Entries should be in 20XX format.

NERC Region - Select the North American Electric Reliability Corporation (NERC) region
where the smart grid project is going to be implemented from the drop-down list as shown in
Table 4. This parameter is necessary to enable the SGCT to set the correct escalation factors
and provide the user with the correct optional default input data. If the project spans NERC
regions or is not associated with a NERC region, select the most representative or closest
NERC region.

Table 4. NERC Regions

NERC Region NERC Region Name
Abbreviation
FRCC Florida Reliability Coordinating Council
MRO Midwest Reliability Organization
NPCC Northeast Power Coordinating Council
RFC ReliabilityFirst Corporation
SERC SERC Reliability Corporation
SpPP Southwest Power Pool
TRE Texas Regional Entity
WECC Western Electricity Coordinating Council

Once you have entered the project information into the PCM Project Information screen, click “Next” to

advance.

At any point, you may end the PCM session by clicking the “Exit” button at the bottom of any screen.
Any data entered up to that point will be discarded.
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The next PCM screen, depicted in Figure 7, is used to specify the types of assets that will be installed as
part of the smart grid project. The assets are presented in five broad categories. (For a detailed
explanation of each asset please see Section 2.2 Relationships of Assets to Functions.) In order to select an
asset, simply click the check box next to the asset name. Once all of the appropriate assets have been
selected, click the “Next” button to proceed to the next screen.

Figure 7. PCM Asset Selection Screen
x|

Please select al assets that wil be instaled as part of the smart grid project. The choices on this page may represent a group or category

of assets, If a particLlar asset that iz being installed does not appear explicitly in this list choose the asset group that is most closely related to the
aszet being instaled. The assets that are chosen on this page wil determine the subset of functons that you wil be able to choose from on the
felowing page.

Customer Assets Transmission Assets
I Customer EMS/Digplay,/Portal Definition | ™ Phase &ngle Regulating Transfarmer Defirition |
[ Smart &ppliances and Equipment (Customer) Definition | I” Phasor Measurement Technology Definition |
™ wehicle to Grid Charging Station Definitian | ™ Saftware - advanced analysis/visualization Definition |
AMI Assets Other Assets
[~ aMI/Smart Meters Definition | ™ Erhanced Fault Detection Technology Defirition |
Distribution Assets ™ Equipment Health Sensar Definition |
Flexible slternating Current Transrnission Defirition |
™ tdvanced Interrupting Switch: Difinition | Systam (FACTS) Device
I controllable/regulating Inverter Definition | I™ Fault Current Limiter Defirition |
™ Distribution Automation Definitian | ™ Two-way Communications thigh bandwidd) Definition |
™ Distribution Management System Definition | Wery Low Impedance (High Temperature T |
Definition
Superconducting) cables
™ Loading Monitor Definition |
istribu enerator (dissel, PV, win Definition
[” Distributed G tar (dissel, PY, wind fi
™ Micragrid Contraller Definitinn |
Electricity Storage device (g.9., battery, N |

flywheel, PEY etc)

Previous | Exit Mext |
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The next input screen, depicted in Figure 8, is the PCM Function Selection Screen. In this screen, the user
identifies the specific functionality that the smart grid project will support. The SGCT defines 15 unique

functions that a smart grid might enable. Each of these functionalities is associated with certain assets
and can lead to various benefits. Because each function requires specific assets in order to be enabled,
some of the functionalities in the list on the PCM Function Selection Screen are grayed out and disabled
if the associated assets were not selected on the previous screen.

You must specify which functions, of those enabled on the screen, the project will support. This is done
by clicking the check box next to the appropriate function. To view the definition of a function, click the
appropriate “Definition” button. The definition feature helps you determine if the functionality will be
enabled by the smart grid project. If you feel that a function is omitted, use the “Previous” button to
navigate back to the PCM Asset Selection Screen to ensure that all of the appropriate assets are indicated.
When all supported functions have been selected, click the “Next” button.

Figure 8. PCM Function Selection Screen

x]
Please select al functions that you expect the smart grid project to enable. For a definiton of a
function click the button to the right of the function. Certain functions may be disabled
{(grayed out) because the necessary project assets were not indicated on the preceding page.

1 T Fault Gurrent Lirmiting Definition
2 [ iide Area Monitoring, Visualization, and Control: Definition
3 T Dynarmic Capability Rating Definition
* T Power Flaw: Contral Definition
S I adaptive Protection Definition
& |~ automated Feeder and Line Switching Definition
7 I sutomated Islanding and Reconnectian Definition
8 I autormated Yoltage and YaR Control Definition
9 [T Biagnosis & Motification of Equipment Condition Definition
10 T Erhanced Fault Protection Definition
11 ™ peal-Time Load Measurement & Management Definition
12 T~ Real-time Load Transfer Difinition
13 T Customer Elestricity Use Optimization Definition
14 = Staring Electricity for Later Use Defirition
15 I mistrituted Production of Elecricity Defirition
Previous | Exit | Mext |
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Functions are very broad descriptions of how smart grid will impact the electricity system. Mechanisms
describe the specific actions or results that a project with certain functionality will pursue. This screen
allows you to specify the mechanisms that describe how you plan to utilize the smart grid.

The PCM Mechanism Selection Screen has a tabbed interface.

Each tab in this screen corresponds to a specific function. Under each tab is a list of possible mechanisms
that is specific to that particular function. Only tabs that represent functions you specified on the
Function Selection Screen are accessible in the Mechanism Selection Screen. All other tabs are grayed out
and cannot be navigated to. Click on each active tab and complete the entries within from the list of
check boxes. In order to indicate that a mechanism will be supported, click the appropriate checkbox.

Figure 9. PCM Mechanism Selection Screen
Mechanisms describe specificaly how each function wil be realized. In this page the applicable mechanisms for each enabled function shouldl be selected. The
combination of the functions and mechanisms determine which benefits the project may yeid. Each tab in this page represents one of the enabled functions of

this project. Please navigate to all enabled tabs and select dl applicable mechanisms for each function. Be sure to navigate to &l enabled tabs before proceeding
to the next page.

Function 1 ] Function 2 | Function 3 l Function & I Function S ] Function & ] Function 7. | Functipgn g I Function 2. ] Function 10/|| Function 11 | Function 12 1 Function 13 I Function 14 ] Function 15 [ Funiction 16 |

Real-Time Load Measurement & Management

I Enables load management

I™ Improves load models and forecasts
I” Reduces truck rolls

I™ Optimizes load shape through direct load control to reduce electricity losses
I™ Identifies abnormal customer electricity consumption Possible

I™ Following major damage to the system, detects the individual outages mare precisely and quickly to reduce restoration time Mechanisms

™ Reduces manual meter operations

I™ Enables faster restoration time

I™ Reduces fault location isolation service restoration (FLISR) tirme:

Previous | Previous Tab Exit Next Tab
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It is important to note that the mechanisms listed on each enabled tab represent all possible mechanisms
that could be supported; however, not every mechanism is necessarily supported for the particular smart
grid function you selected. You must carefully select the appropriate mechanisms for the project in
question.This requires that you think about how a function will be realized. A review of Appendix B:
Function to Benefit Rationale will help you understand the ways in which the functions lead to various
benefits. This understanding will help you select the appropriate mechanism.
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Once the supported mechanisms have been selected for a function, click the “Next Tab” button as
highlighted in Figure 10 to navigate to the next enabled tab. To return to a previous tab, click the
“Previous Tab” button. It is important to navigate to all enabled tabs and select the appropriate
mechanisms before navigating to the next screen. In order to ensure that you see all additional tabs, the
“Next” button (which will navigate to the next screen) does not appear until the “Next Tab” button is
clicked. The purpose of this enforcement is to ensure that you realize that there are additional tabs on
this page; therefore, it is important that you still click the “Next Tab” button to visit all relevant tabs
before clicking the “Next” button.

Figure 10. PCM Mechanism Selection Screen Navigation
=

Please select all applicable mechanisms for each function the project enables. The mechanisms further
specify which benefits a project wil vield. Be sure to navigate to all ensbled tabs before proceeding to the
next page.

Pagel | Pagez | Pages | Paged | Pages | Pages | Pagey’ | Pages | Pages | Pagell | Pagell | pagelz  Pageld IPageH | Pagels | Pagels |
Customer Electricity Use Optimization
¥ Reduces TRD electricity troughput

i

I Reduces cost of electricity purchases
™ Prevents overlnad of circuit breakers

™ Decreases lnading on systerm elements

Use “Next “Next”
Tab” button
button to appears
navigate to after tab
next navigation
enabled hasbeen
function used

Previous | Previous Tab | Exit | RNext Tah | Mesct: |

When all of the applicable mechanisms have been selected, click the “Next” button to proceed to the next
screen. The PCM then processes the inputs. This process takes about 20 seconds.

.26



LIS JERARIMENTOR | Office of Electricity Delivery
ENERGY | and Energy Reliability

After the PCM processes the inputs, the SCGT selects the benefits that the smart grid project should
yield, given the assets, functions, and mechanisms you have selected. The PCM Benefits Screen (depicted
in Figure 11) displays these benefits. An explanation of each benefit can be reviewed by clicking the
“Explanation” buttons.

Figure 11. PCM Benefits Screen
5I

The benfits in black font below represent the benefits this project could vield, For further explanation of the benefit click
the button to the right of the benefit,

Cptirized Generator Operation Explanation Reduced Electricity Losses Explanation
Deferred Generation Capacity Investments Explanation Reduced Electricity Cost E:xplanation
Reduced sncillary Service Cost Explanation Redured Sustained Outages Explanation
Reduced Congestion Cast Explanation Reduced Major Outages Explanation
Deferred Tramsrmission Capacity Investments Explanation Reduced Restoration Cost Explanation
Deferred Distribution Capacity Investments Explanation Reduced Mormentary Outages Explanation
Reduced Equiprment Failures Explanation Reduced Sags and Swells Explanatian
Reduced &L Equipment Maintenance Cost Explanation Reduced COZ Emissions Explanation
Reduced| T&D Operations Cost Explanation Reduced S0x, MNOx, and PM-10 Emissions Explaniation
Reduced Meter Reading Cast Explanation Reduced Ol Wsage (Aot monetized) Explanation
Reduced Electricity Theft: Explanation Reduced Widescalz Blackauts Explanation

Previous | Proceed ko Function-Benefit Chark I

Carefully review the benefits the SGCT has selected. In the next phase of the SGCT, the DIM, you will
enter the inputs required to quantify the benefits shown in black. If you are not satisfied with the
benefits list, use the “Previous” buttons to navigate back through the preceding PCM screens to alter
your selections.

Once you are satisfied with the benefits listed on the PCM Benefits Screen, click the “Proceed to
Function-Benefit Chart” button to complete the Project Characterization Module.

You are now prompted to save the file, which is recommended. You have entered all of the PCM inputs.
Saving the file allows you to close Excel™ and retain a copy of the tool that is unique to the project under
analysis. This enables you to resume your analysis from this point rather that starting from scratch,
while also retaining a copy of the blank SGCT on your computer for additional analyses.

After the save prompt, an Excel™ tab called “Function-Benefit Chart”, which is depicted in Figure 12,
should be visible. This tab shows the user a Function-Benefit summary map that is specific to the project
under analysis. This map allows you to see a summary of how the functions of the project map to the
benefits. This information provides deeper insight into how benefits and functions are linked. This tab
also serves as a last visual check before moving into the Data Input Module phase of the SGCT. If the
highlighted functions or benefits in the chart fail to accurately represent your project, you can click the
button at the top that reads “Function-Benefit Chart is INCORRECT”. This will return you to the first
screen of the PCM so you can review all inputs by revisiting each screen in sequence. All of the
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previously entered data will still be preserved so you can review them and not waste time having to re-

enter information that is correct.

Figure 12. The Function-Benefit Summary Map
Verify the Output of the PCM

Directions: Below is a chart that summarizes the output of the PCM. Along the top of the chart are listed all of the smart grid functions

that a project could enable, along the side are listed all of the benefits that a project could yield. Based on your inputs in the PCM this
chart has been populated with the benefits that your project may yield along with the functions that will lead to the benefits. Therefore,
this chart should graphically summarize the objectives and expected benefits of your project. If the chart does adequately summarize
your project click the blue button on the left to proceed to the next phase of the tool. If the chart does not adequately summarize your
project click the button to the right to return to the PCM entry screens and adjust your inputs accordingly.

Function-Benefit Chart is
INCORRECT
Return to Initial Project Characterization
Module (PCM)

Function-Benefit Chart is
CORRECT

Proceed to the Data Input Module (DIM)
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Security Energy Security

Reduced Wide-scale Blackouts

If the chart accurately represents the project under analysis, click the button “Function-Benefit Chart is
CORRECT”. This will end the PCM phase, and bring you to the “MAIN” tab which is the first and
primary tab of the DIM phase.
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4.2.2 Data Input Module (DIM)

The “MAIN” page is the home screen of the DIM, and lists each step in the phase. After you complete
each step, the DIM returns to the Main page. The Main page is depicted in Figure 13.

Figure 13. Main tab of the DIM

Data Input Module (DIM) Main Page

Go Back to the PCM

Instructions

Welcome to the Data Input Module (DIM) phase of the Smart Grid Computational Tool. The DIM will help you navigate
through the process of entering the required data. Its main purpose is to ensure that all the required data is entered in the
proper format so that the benefits can be analyzed successfully. The DIM uses the project benefits identified by the IPSM to
determine and present only a relevant subset of all possible tool inputs to the user. Once all required project data is entered
the DIM will send the data to the next phase of the tool for analysis and calculation.
Progress through the DIM by clicking on the blue buttons below. Each button corresponds to a step in the DIM. The first
three steps prompt the user to enter three different types of data: load curve and tariff data, benefit calculation input data,
and project cost data. The fourth step allows the user to review their inputs befare proceeding to the next module. The final
step exits the DIM and brings the user to the Computational Module which uses the inputs provided by this module to
calculate the benefits of the project.

|

Project benefits
Phase II l
Data Input Module (DIM) : Project
Facilitates data input input data
Project input data required to calculate project
benefits.

Key
:> =User Input I:‘ =Input interface

———> =Data flow

Organization Name test
Project Name test
NERC Region 3. MRO
Project Start Year 2010

Step I: Enter Number of Customers and Electricity Tariff

Dta Step IV: Review DIM Cost and Benefit Calculation Inputs

Step Il: Enter Benefit Calculation Input Data and Escalation Step V: Proceed to the Computational Module (CM)

Factors Module to complete Costs and Benefits Calculations

Step lll: Enter Project Cost Data

The MAIN screen contains the following features, listed from top to bottom:

»  Go Back to the PCM - This arrow-shaped button is used to exit the DIM and return to the
PCM.

»  Instructions — A general explanation on how to progress through the DIM.
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»  Tool Diagram: DIM phase — A graphical representation of where the user is within the SGCT
process.

»  Project Information Table — A summary table of the project information. If this information
is not correct, return to the PCM and correctly enter the required information.

»  DIM Step Buttons — Navigation buttons that take you to the various steps of the DIM.
Clicking on a button will take you to a data input page, to an input review page, or to the
next phase of the SGCT.

DIM Step 1

After confirming that the information in the Project Information Table is correct, click the “Step I”
button.

In DIM Step I, you enter electricity tariff data and customer population data. This data entry is required
regardless of which benefits were enabled by the PCM because it used in many of the benefit
calculations.

Once the “Step I” button is clicked the “Population and Tariff Entry” page will appear. This page
contains two main data entry tables which are depicted in Figure 14. The two tables are the Electricity
Rates by Customer Class and the Number of Customers by Class tables, or Table 1 and 2 respectively.

Table 1 is where you enter up to five different electricity tariffs (energy rate and/or demand charge) for
each of three customer classes (residential, commercial, and industrial). At least one electricity rate must
be entered for each customer class.

Table 2 is where you enter the number of customers served within each customer sub-class. At least one
value is required for each customer class.

In both of these tables, data should reflect the values in the initial project year and should only be
entered into the blank, white cells; grey cells are populated automatically. If you are pasting data from
another spreadsheet or source into the tables, use the “Paste Values” function to avoid pasting formulas
or changing the formatting of the cells.

Once tariff and customer population data have been properly entered, click the “Submit Rate and
Number of Customers Served Data” button to submit the data to the DIM. If the data are input correctly,
a message stating “Electricity tariff and customers served data have been successfully submitted” is
displayed. Otherwise, a message explaining what required data are missing will be displayed.
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Figure 14. Electricity Tariff Data and Customers Served Data Entry Tables

DIM Step | : Number of Customers, and Electricity Tariff Data

Directions: In the outlined section below the user should enter the appropriate electricity tariff and customer
population data. The user should refer to the detailed directions in the section below for instruction on how to
enter data. If pasting data from another source into these tables please use the "Paste Value" function to avoid
changing cell formatting or pasting formulas. Once all data has been entered click the button below to finish this
step and return to the DIM Main Page. After finishing this step a new page will become visible which contains all
of the data entered in this step, the user can view this page to review all data entered in this step.

Finish Electricity Tariff and Customer Data Entry and Return to Main Page.

In this section the user should enter electricity tariff rates and information about the number of customers served. For Table
1 at least one energy rate must be entered for each customer class and at least one demand charge must be entered for the
commercial and industrial customer class. If there is no demand charge for a certain customer class a zero should be entered
in the Avg Demand Charge column of Table 1. Similarly for Table 2 a number must be entered for at least one sub-class for
each customer class; if there are no customers served for a certain class a zero should be entered. Once the appropriate data
has been entered in Tables 1 and 2 click the "Submit Rate and Number of Customers Served Data" button below to submit

and store the entries.

Table 1: Electricity Rates by Customer Class in 2010

Residential Customer Class

Avg Demand

Average Energy  Charge ($/kw-
Rate ($/kwh) month)

Residential Rate Sub-Class 1
Residential Rate Sub-Class 2
Residential Rate Sub-Class 3
Residential Rate Sub-Class 4
Residential Rate Sub-Class 5
Average Residential Rate

Table 2: Number of Customeres Served by Class in 2010

Res| ial Customer Class

Residential Rate Sub-Class 1
Residential Rate Sub-Class 2
ntial Rate Sub-Class 3
Residential Rate Sub-Class 4
Residential Rate Sub-Class 5
All idential Classes

G ial Customer Class

Commercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
Commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5
Average Commercial Rate

Commercial Customer Class

Industrial Customer Class

Commercial Rate Sub-Class 1
Commercial Rate Sub-Class 2
Commercial Rate Sub-Class 3
Commercial Rate Sub-Class 4
Commercial Rate Sub-Class 5
All Commercial Classes

Industrial Sub-Class 1
Industrial Sub-Class 2
Industrial Sub-Class 3
Industrial Sub-Class 4
Industrial Sub-Class 5
Average Industrial Rate

Industrial Customer Class

Industrial Sub-Class 1
Industrial Sub-Class 2
Industrial Sub-Class 2
Industrial Sub-Class 4
Industrial Sub-Class 5
All ial Classes

Average Retail Electricity Rate

Submit Rate and Number of Customers Served Data

All Customer Classes

Once all electricity tariff and customer population data have been successfully submitted, click the large

“Finish” button at the top of the page to return to the Main page and begin Step IL

The DIM will perform a final check to ensure all required data were submitted successfully. If all
required data have been successfully entered, the DIM will bring you to the “MAIN” page. Otherwise,
you will remain at the Step I screen and a message will appear indicating the missing data.

Upon completing Step I, the “Population and Tariff Review” page is displayed. This page contains the
tariff and customer population data submitted to the DIM. The user cannot alter any of the data on this

page but can review them for accuracy before proceeding to Step II

DIM Step I1

To proceed to Step II of the DIM, click the “Step II” button on the Main page. In Step II, you enter the
baseline and project data required to calculate benefits of the particular smart grid project under
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analysis. Enter only data that will be used in benefit calculations relevant to the project. Clicking the
“Step I1” button takes you to the “Data Input Sheet” page, which is depicted in Figure 15 and Figure 16.

At the top of the Data Input Sheet page are the directions and three buttons that explain important
concepts and features of this DIM step. Two of these buttons show you an explanation of the optional
inputs and default data features. These features are also explained in the user guide below.

The third button shows an explanation of the “Mirror” Inputs concept, which is also described here.
Many DIM inputs can be tracked in terms of avoided costs or activities as a result of the project rather
than in absolute terms. For example, instead of tracking Meter Operations Costs, it might be easier for a
project to track Avoided Meter Operations Costs as a result of AMI implementation. Conversely, other
inputs that are framed as costs and activities avoided could be tracked in absolute terms (e.g. Number of
Truck Rolls instead of Truck Rolls Avoided). Inputs that are reframed in this way are termed "mirror"
inputs. Because the calculation methodology of this tool is concerned with the delta between project and
baseline data, a user can enter a mirror input for any input.

If mirror inputs are used, it is important that 1) you also reframe the baseline data in the same way as
the project data and 2) all entries (both baseline and project) are entered as negative numbers.

The data input table depicted in Figure 15 and Figure 16 actually appears as one, continuous, large table
in the DIM; its two main sections are displayed separately in this user guide. The first section, the Data
Input Sheet in Figure 15, contains all of the explanatory information about the inputs. It also contains
buttons that allow you to enter optional inputs and use default values. The second section contains the
Data Entry Cells, depicted in Figure 16, which are used to enter the values for each input.

The first column in the data input sheet, the “Benefit” column, lists the benefit(s) that the inputs will be
used to calculate. The second column, the “Optional Input On/Off Buttons” column, contains buttons
that appear if alternative inputs are available for a given benefit. These buttons, labeled “Use Optional
Inputs”, give users the option to enter alternative inputs that may be more convenient than the standard
form. These alternative inputs are generally more detailed and granular in nature. If a button does not
appear beside the benefit, then only the standard inputs are acceptable. Upon clicking an optional input
button, the standard data entry rows will be blacked out and disabled and alternative data entry rows
will appear. Any data that were entered into the standard input rows will be cleared if the alternative
inputs are used. Similarly, if the optional input button is clicked again, the optional input rows
disappear and the standard input rows are enabled, ready for input. Any data that were entered into the
optional input rows will be cleared after this action.
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The next three columns in Figure 15 are “Input Name” and “Input Description,” followed by the “Type
of Input” column. The entries in the Type of Input column are either “Impact Metric Data” or
“Assumption/Estimate.” An input row labeled as “Impact Metric Data” indicates that the data in that
row must be carefully estimated or directly measured by the user because the values of those data are
directly impacted by the functionality of the smart grid project under analysis. An input row labeled as
“Assumption/Estimate” indicates that the data in that row can be roughly assumed or estimated by the
user because the value of the data is not directly impacted by the smart grid project. Examples of data of
this type include the average fuel efficiency of service vehicles and the value of COzemissions.

In some cases, there are default values for “Assumption/Estimate” data. You can review all of the default
values in the SGCT by navigating to the “Default Summary” page. In general, default values vary by
NERC region and year. If default values are available for a particular input, there will be a “Use Default”
button in the input row in the column labeled “Default Value.” Clicking this button will populate that
input row with the default values. Please note that this results in the population of five years of baseline
and project data.If the project being analyzed has less than five years of project data, extra default values
should be deleted.

The data entry cells, depicted in Figure 16, are used to enter the values for each input. There are two
types of values that are required for any input: “Baseline” values and “Project” values. The baseline data
for these inputs should represent forecasted, calculated, or estimated data for a particular year under
some baseline scenario®. Project data should represent actual measured data for each year available. For
each input, you must enter data for every baseline year and at least one project year.

Once all required data are entered, click the large blue button at the bottom of the page to submit the
data and move on to the next step. The DIM will perform a final check to ensure all required data were
submitted successfully. If all required data haven’t been successfully entered, a message explaining
which data are still required will be displayed. To avoid errors, ensure all required data are entered
before proceeding.

After successfully submitting the benefit input data, the Escalation Factor Table page appears, as shown
in Figure 17. This table allows you to review and set escalation factors.

4 Typically the baseline scenario most appropriate will be the “no build” scenario. See Section 2.4 Benefit

Calculations and Appendix D.1 The Baseline Concept, for detailed explanations.
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Figure 17. Escalation Factor Table
Step Il: Enter Benefit Calculation Input Data, Escalation Factors

Dérections: The Smart Grid Computational Tool can caloulate costs and benefits of the smart grid project out to the year 2040, In order to complete this analysis
escaltion factors are applied to the inputs that have been entered. On this page the user can choose o wie default escalation factors or they can enter their own
escalation factors In the *Value® column. If pasting data from another source into this table please use the “Paste Value® function to avold changing cell
formatting or pasting lormulas. To wiew a 51 of inputs affected by an escalation factor dick the blue buttons in the "inputs Alected” codumn, Additionally, the
user can enter a date at which the benefits from the project will begin to decline. If no values are entered in the "value® column the default values will be used.
Once the user is finished dick the button below the chart (o return to the PDIM Main Page.
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Escalation factors are used to project input data beyond the first five years of data entry®. There are four
primary escalation factors: population growth, load growth, economic inflation, and energy price. You
can view the inputs that these inflation factors affect by clicking the buttons in the “Inputs Affected”
column. Each escalation factor has a default value that varies by NERC region. If the default escalation
factor values need to be altered, you can enter your own escalation factors in the “Value” column of the
table.

This page is also where you enter the final year for which benefits from the smart grid’s technology are
expected. After this year, all benefits are assumed to be zero. This parameter could be defined by
considerations such as the useful lifetime of smart grid assets installed.

Once you finish reviewing or modifying the escalation factors and final year of benefits, click the
“Return to DIM Main Page” buttons. For more details about escalation factors, refer to Appendix D.3
Input Escalation.

DIM Step 111
To proceed to Step III of the DIM click the “Step III” button on the DIM Main page.

In this step, you enter the smart grid project cost data. These data are used to calculate the present value
of annual capital costs associated with the smart grid project. The cost input page is depicted in Figure
18.

In the top table, enter values for “Discount Rate” and “Use Custom Cost Schedule.” The discount rate
will be used to determine the present value of future cash flows. You may use a custom cost schedule or
a simple cost schedule based on an amortization of total capital costs over a specified period. Selecting
“Yes” for “Use Custom Cost Schedule” shades out unneeded cells in the table. Enter the specific capital
cost schedule in the bottom table and click the “Finish Cost Data Entry” button when complete. Selecting

5 See section 2.4 Benefit Calculations or section 3.2.3 Computational Module (CM) for further explanation.
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The rest of the questions in the top table set the initial and final year of spending and determine the
yearly amortized payment over that period. The amount of the yearly payment is automatically
calculated and displayed in the bottom cell of the table. For a detailed explanation of the cost
calculations used in the SGCT, please refer to Appendix

C.23 Cost Calculations.

After all required data have been entered into the table click the blue “Finish” button at the bottom of the
page to submit the data and return to the DIM Main page.

Figure 18. Cost Calculation Inputs

Step lll: Enter Project Cost Data

Directions: In this page the user can enter project cost information. This information will be used to complete a simple net present
value cost benefit analysis. The user can enter total costs, initial and final spending years, and interest rate and the tool will amortize
the cost evenly over the spending period. Or the user can enter a customized cost schedule. When the cost information has been
entered click the blue button at the bottom to submit and store the entries.

Project Start Year

Discount Rate

Use Custom Cost Schedule
Initial Year of Project Spending

Final Year of Project Spending
Total Captital Cost of Project
Interest Rate

Yearly Amortized Payment

Additional
Years

‘Custom Cost Schedule

Year

i

Capital {§) . . . .
e
DIM Step IV

To proceed to Step IV of the DIM, click the “Step IV” button on the DIM Main page. This presents the
“Review Inputs” page, depicted in Figure 19.

The purpose of Step IV is to allow the review of all of data entries in a compact summary form before
proceeding to the Computational Module, where the data will be used to calculate results. There are two
tables in this page: one that summarizes the benefit calculation input (data entered in Step II) and one
that summarizes the project cost data (data entered in Step III). These tables cannot be altered since they
are strictly for review purposes. If you see input data you would like to change, return to the DIM Main
page and go to the step in the DIM that coincides with that data. Once satisfied with these inputs, click
the “Finish” button at the top of the page to return to the DIM Main page.

Finally click the “Step V” button to exit the DIM and begin the CM. After this button is clicked, the CM
main page will appear. The data input review pages will remain visible so you can review your inputs at

any time.
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Figure 19. DIM Output Summary Table
Step IV: Review DIM Cost and Benefit Calculation Inputs
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4.3 Saving and Updating an Existing Analysis

At this point all of the required inputs have been entered into the SGCT. As a result, the file uniquely
represents the status of a particular project. You are strongly encouraged to save the file under a new,
descriptive name so that the same file can be updated with new input data. Updating the analysis simply
requires that the user return to the DIM Main page and work through steps I-V to update inputs or input
new data for the years for which data hadn’t been previously available. In order to change the assets,
functions, and benefits of the project, navigate back to the PCM by clicking the “G